Background: Obesity and weight gain are associated with increased risk of coronary heart disease in Western countries. However, their impact is not well elucidated in Asia, where body mass index (BMI) levels are generally lower than in Western countries. We examined associations of BMI (kg/m 2 ) and weight change with risk of coronary heart disease in Japanese people. Methods and results: A total of 43 235 men and 47 444 women aged 40-69 years living in communities were followed up from 1990 to 2001 in the Japan Public Health Center-based (JPHC) prospective study . During 879 619 person-years of follow-up, we documented 399 cases of coronary heart disease (334 myocardial infarction and 65 sudden cardiac death) for men and 119 (95 myocardial infarction and 24 sudden cardiac death) for women. Compared with persons with BMI 23.0-24.9, men, but not women, with BMI X30.0 had higher risk of coronary heart disease and myocardial infarction; the multivariable relative risks for men were 1.8 (1.1-3.0) and 1.9 (1.1-3.2), respectively. When weight change was examined according to BMI at age 20 years, men with initial BMI o21.7 who gained more than 10 kg compared with men of no weight change had a twofold higher risk of coronary heart disease. Both men and women with initial BMI X21.7 showed no association between weight loss and the risk. Conclusions: High BMI was associated with increased risk of coronary heart disease among men. Also, weight gain was associated with increased risk among lean men.
Introduction
Obesity and overweight have been reported to increase the risk of cardiovascular disease. [1] [2] [3] [4] [5] More than 80% of the estimated obesity-attributable deaths occurred among individuals with body mass index (BMI) of X30.0, 6 and obesity appears to reduce markedly the life expectancy, especially in younger adults. 7 In the United States, the reported prevalence of BMI X30.0 in 2003-2004 was 32.2% among adults X20 years of age. 8 In Japan, the prevalence of BMI X30.0 was still low at 2.9% in 2004 among adults X15 years of age, and the prevalence of BMI o18.0 was 5.2%. 9 In both countries, all-cause mortality was high not only in high BMI, but also in low BMI. 5, [10] [11] [12] [13] High BMI was associated with increased risks of mortality from coronary heart disease 14 and cardiovascular disease, 5, 10, 15 and also with an increased incidence for coronary heart disease. 3, 16, 17 Furthermore, weight gain was associated with an increased incidence of cardiovascular disease among middle-aged men. [16] [17] [18] However, few prospective studies in Asian countries have examined associations of BMI 19, 20 and weight change with the incidence of coronary heart disease.
In the present study, we examined comprehensively the association of BMI and weight change with the incidence of coronary heart disease using a population-based prospective study conducted in middle-aged Japanese men and women.
Methods

Study cohort
The Japan Public Health Center-based (JPHC) prospective study was established in 1990 for cohort I and in 1993 for cohort II. Data of cohort I, consisting of residents of four public health center (PHC) areas (Ninohe PHC area of Iwate Prefecture, Yokote PHC area of Akita Prefecture, Saku PHC area of Nagano Prefecture and Chubu PHC area of Okinawa Prefecture), and cohort II, consisting of residents of five PHC areas (Mito PHC area of Ibraki Prefecture, Nagaoka PHC area of Niigata Prefecture, Chuo-higashi PHC area of Prefecture, Kamigoto PHC area of Nagasaki Prefecture and Miyako PHC area of Okinawa Prefecture), were used in the present study. The study populations were residents of all nine PHC areas, aged 40-59 years for cohort I and 40-69 years for cohort II. A total of 116 896 subjects were established as the study population. The present study was approved by the Ethical Committee of the National Cancer Center.
Baseline survey A self-administered questionnaire was distributed to all registered non-institutional residents in 1990 for cohort I and in 1993 for cohort II, asking them to report on their demographic characteristics: height, weight, medical history, smoking and drinking habits, and diet. A total of 95 405 subjects responded to the questionnaire, giving a response rate of 81.6%. BMI was calculated using the formula (weight (kg)/height (m 2 )). The data on height and weight from health check-ups, as golden standard, were available for 5667 men and 9796 women from cohort I and for 5873 men and 11 660 women from cohort II. The self-reported BMIs (mean ¼ 23.5 in men and 23.6 in women for cohort I; mean ¼ 23.5 in men and 23.7 in women) were slightly lower than measured BMIs (mean ¼ 23.6 in men and 23.9 in women for cohort I; mean ¼ 23.6 in men and 23.8 in women for cohort II) owing to about 0.5 cm higher self-reported height than the actual height. The Spearmen correlation coefficients between the two estimates were 0.89 in men and 0.91 in women for cohort I, and 0.91 in men and 0.92 in women for cohort II. We excluded subjects who reported stroke, myocardial infarction, angina pectoris or cancer at baseline, or with BMI less than 14 or X40 owing to possible unreliable reporting. 13 A total of 43 235 men (19 834 in cohort I and 23 401 in cohort II) and 47 444 women (21 445 in cohort I and 25 999 in cohort II) who reported their height and weight were included in the present analysis. The style of questionnaire differed slightly between the two cohorts; in cohort I, weight change was ascertained by the question 'Any changes of your weight (more than 5 kg) since aged 20', with a selection of loss, no changes or gain. However, in cohort II, weight change was ascertained by the question 'What was your weight when you were 20 years old.' A total of 40 750 (19 574 men and 21 176 women) subjects from cohort I and 31 380 (15 580 men and 15 800 women) subjects from cohort II who reported their weight at age 20 were included in the analysis of weight change. There was no difference in the mean and distribution of BMI between persons who reported their weight at age 20 and those who did not.
The frequency of weekly intake of 27 food items was reported under four frequencies: rarely, 1-2, 3-4 days/week and almost everyday. The weekly frequency for each food item was calculated according to a score assigned to each frequency category (0, 1.5, 3.5 and 7, respectively). Histories of hypertension and diabetes were ascertained by the question 'Have the following conditions been diagnosed by physicians?', with a list of hypertension, diabetes and other chronic diseases.
Confirmation of coronary heart disease
We registered a total of 65 hospitals with facilities of computer tomography and/or magnetic resonance imaging in the four PHC areas of cohort I and five PHC areas of cohort II. They were all major hospitals suitable for management of patients with acute stroke. The medical records were reviewed by registered hospital workers or PHC physicians, blinded to the lifestyle data. Acute coronary events were registered if they had occurred after the date of return of the baseline questionnaire and before 1 January 2002.
The details of the surveillance for coronary heart disease were described previously. 21 Briefly, myocardial infarction was confirmed in the medical records according to the criteria of the MONICA (Monitoring Trends and Determinants of Cardiovascular Disease) project, 22 which requires evidence from ECGs, cardiac enzymes and/or autopsy. When such a work-up was not preformed and there was typical chest pain, a probable diagnosis was made. There were 58 (13.5%) cases of probable myocardial infarction documented in the present study. In the absence of diagnosis of myocardial infarction, deaths that occurred within 1 h from the onset of the event were regarded as sudden cardiac deaths. Changes in residence status were identified through the residential registry in each area. Subjects who moved from their original residential areas were treated as censored at that time.
Statistical analysis
Statistical analyses were based on incidence rates of cardiovascular disease during mean follow-up of 9.772.5 years from 1990 (cohort I) and 1993 (cohort II) to the end of 2001. For each person, person-months of follow-up were calculated from 1 January 1990 for cohort I and from 1 January 1993 for cohort II to the first end point, death, emigration or 1 January 2002, whichever was first. The relative risk of coronary heart disease was defined as the incidence of coronary heart disease among participants in seven categories of BMI (14.0-18.9, 19.0-20.9, 21.0-22.9, 23.0-24.9, 25.0-26.9, 27.0-29.9 and X30.0) divided by the corresponding rate at BMI 23.0-24.9 for both cohorts, and in five categories of weight change (X10 kg loss, 5-9 kg loss, loss or gain o5 kg, 5-9 kg gain and X10 kg gain) divided by the corresponding rate among those with less than 5 kg of weight change group in cohort II. As the data from cohort I BMI, weight change and coronary heart disease CL Chei et al did not provide information on absolute weight values at age 20 years, the relative risk was defined in three categories of weight change (weight loss, no change and weight gain) divided by the corresponding rate among person with no weight change group in cohort I. The same categories of weight change were also applied in cohort II.
The sex-specific age-adjusted mean values and prevalence of risk factors at baseline were tested using the analysis of covariance or w 2 test. Test for a linear trend across the BMI categories was conducted by linear regression or logistic regression model, adjusting for age using the median variable of BMI in each BMI category. The hazard ratio (HR) with 95% confidence intervals (CIs) was calculated after adjusting for age and other potential confounding factors using the conventional and Cox proportional hazards models. A test for linear trend across the alcohol categories was conducted by assigning median values for each category, testing the significance of this variable. Age-adjusted incidence of coronary heart disease per 1000 persons in cohort II according to weight change categories was calculated using its age distribution (40-49, 50-59 and 60-69).
Potential confounding factors for the adjustment were baseline values of age, smoking status (non-smoker; former smoker; and current smoker, 1-19 and X20 cigarettes/day), alcohol intake category (non-drinker; occasional drinker; drinker, ethanol 1-149 g, 150-299, 300-499 and X450 g/week), history of hypertension (no/yes), history of diabetes (yes/ no), sports at leisure time (o1 day/month, 1-3 days/ month, 1-6 days/week, almost everyday), dietary intake categories of green vegetables and fish (o1, 1-2, 3-4, and X5 days/week) and PHC. All statistical analyses were conducted using SAS (version 8.02), and Po0.05 was regarded as statistically significant.
Results
During 879 619 person-years of follow-up of 90 679 middleaged persons (43 235 men and 47 444 women), we documented 518 cases of coronary heart disease (399 men and 119 women), including 429 cases of total myocardial infarction (334 men and 95 women) and 89 cases of sudden cardiac deaths (65 men and 24 women). The percentage distribution of BMI was 4.1% for 14.0-18.9, 14.5% for 19.0-20.9, 25.8% for 21.0-22.9, 27.6% for 23.0-24.9, 16.9% for 25.0-26.9, 9.0% for 27.0-29.9 and 2.2% for X30.0 among men, and for women it was 5.3, 15.3, 26.0, 24.5, 15.6, 10.0 and 3.3%, respectively. The mean BMI was 23.5 for both men and women. Table 1 shows sex-specific age-adjusted selected cardiovascular risk factors and intake of fish and vegetables, according to the seven categories of BMI in cohorts I and II. For both men and women, a higher proportion of persons with higher BMI were hypertensive, diabetic and had a lower intake of fish compared with those with lower BMI. Men with higher BMI were younger, smoked less, and had a higher alcohol intake compared to those with lower BMI. Men and women with BMI o21.0 exercised less compared to those with higher BMI. Table 2 shows sex-specific age-adjusted and multivariable hazard ratios of coronary heart disease, myocardial infarction and sudden cardiac death according to BMI categories in BMI, weight change and coronary heart disease CL Chei et al cohorts I and II. Men with BMI X30.0 had increased risks of coronary heart disease and myocardial infarction; the multivariable hazard ratios (95% CI) were 1.8 (1.1-3.0; P ¼ 0.02) and 1.9 (1.1-3.2; P ¼ 0.02), respectively. Such associations were not observed for women. Men with BMI 14.0-18.9 had an increased age-adjusted risk of sudden cardiac death, but the multivariable hazard ratio was of borderline statistical significance (P ¼ 0.06). A similar association of borderline statistical significance (P ¼ 0.06) was found for women. Table 3 shows the multivariable hazard ratio of coronary heart disease according to weight change categories among men in cohorts I and II. In cohort I, weight gain had an increased risk of coronary heart disease; the multivariable hazard ratio was 1.4 (1.0-2.0; P ¼ 0.03). Similar but nonsignificant association was observed in cohort II. When cohorts I and II were combined, the multivariable hazard ratio associated with weight gain for the risk was 1.4 (1.1-1.8; P ¼ 0.02).
To assess whether the association between weight change and the risk of coronary heart disease depends on initial BMI at 20 years of age, men in cohort II were divided into two groups according to the median BMI at age 20 years. Figure 1 shows the age-adjusted incidence of coronary heart disease per 1000 persons according to weight change. For men with initial BMI o21.7, weight gain was positively associated with age-adjusted incidence of coronary heart disease: the multivariable hazard ratio associated with weight gain of X10 kg compared to weight change within 75 kg was 2.1 (1.0-4.4; P ¼ 0.04) ( Table 4 ). For men with initial BMI X21.7, weight loss of X10 kg was associated with a higher ageadjusted risk of coronary heart disease, but after adjustment for risk factors, the excess risk was smaller and nonsignificant. Among women, no association was found between weight change and the risk of coronary heart disease (data not shown). , weekly ethanol intake (non-drinker; occasional drinker; drinker 1-149, 150-299, 300-449 and X450 g/week), history of hypertension (yes), history of diabetes (yes), sports at leisure time (o1, 1-3 days/month, 1-6 days/week and almost everyday), frequency of green vegetable and fish (o1, 1-2, 3-4 and X5 days/week) and public health centre.
Discussion
In the present large prospective study of middle-aged Japanese subjects, we observed that men with BMI X30.0 had approximately twofold excess risks of coronary heart disease and myocardial infarction. For men, weight gain was associated with 40% increased risk of coronary heart disease. Furthermore, weight gain X10 kg among men with BMI o21.4 at age 20 years was associated with a twofold increased risk of coronary heart disease.
The prevalence of obesity (BMI X30.0) in this study (2.2% for men and 3.4% for women) was comparable with the prevalence reported in the National Nutrition Survey of Japan using a nationally representative sample (2.9% for men and 3.0% for women, aged X15 years). 9 This prevalence is much lower than that in the United States (31.1% for men and 33.2% for women, as of 2003-2004). 8 Therefore, our study provides a unique opportunity to examine the association between BMI and the risk of cardiovascular disease in a different ethnic group. The excess risk of coronary heart disease among men with BMI X30.0 was consistent with the finding from a previous Japanese cohort study. 14 In that study, persons with BMI X27.0 had a 1.6-fold excess mortality from coronary heart disease compared with those with BMI 23.0-24.9. Prospective studies in the United States also found excess risk in obese persons (BMI X30.0). 3-5 Thus, our results are consistent with previous studies, despite the differences in methodologies and BMI distributions. In the present study, the incidence of coronary heart disease was approximately three times higher in men than in women. The lack of significant association between BMI and the risk among women was probably due to the low incidence of coronary heart disease in women. Interestingly, a previous Japanese study also showed no excess risk of mortality from coronary heart disease in women with BMI X27.0, but a significant excess risk in women with BMI o18.0 compared to women with BMI 23.0-24.9.
14 We found that weight gain was associated with a twofold increased risk of coronary heart disease in men with initial BMI o21.7 at age 20 years but not in men with initial BMI X21.7. Similar findings were obtained when the data were analyzed in quintiles according to percentage of weight change among men with initial BMI o21.7 at age 20 years; those in the highest quintile of weight change had a significant increased risk of 2.2 (1.1-4.4; P ¼ 0.03) compared with the third quintile (data not shown). The positive association between weight gain and the risk, to our BMI, weight change and coronary heart disease CL Chei et al knowledge, was first shown for Asian populations. Our result is consistent with the result of a prospective study in British men. 23 Weight gain in the first 5 years of that study was associated with approximately 30-70% increased risk of cardiovascular disease (heart attack, angina or stroke) in men with initial BMI o27.5 kg/m 2 , but men with initial BMI X30.0 showed no association. Our results are also in accordance with other previous studies of the United States and Europe, where weight gain since the ages 18-21 was significantly associated with the risk of coronary heart disease in men. 17, 24 Previous studies showed that the central fat obesity was more strongly associated with an increased risk of coronary heart disease, compared with the increased body mass. 25, 26 Thus, it is possible that weight gain in initially lean men had more upper abdominal fat than lower abdominal fat compared with men with higher initial BMI. However, in the present study, we had no data on measures of body fat distribution. Alternatively, the association between weight gain and the risk of coronary heart disease in men with higher initial BMI may have been masked by an effect of excess weight on coronary heart disease. For men with initial BMI X21.7, weight loss of more than 10 kg tended to be associated with increased risk of coronary heart disease, although no significant result was found. This association may be in part due to the higher prevalence of current smoking and diabetes, and the lower prevalence of sports participation (X1 day/week) among men with weight loss than among those with stable weight: 15% higher prevalence of current smoking (69 vs 54%), 9% higher prevalence of diabetes (25 vs 16%) and 5% lower prevalence of sports participation (30 vs 35%). In the present study, however, it is not certain what proportion of weight lost was obtained voluntarily or involuntarily. Involuntarily weight loss was associated with increased mortality, 27,28 while voluntarily weight loss was associated with reduced mortality.
28,29
The present study has several limitations. First, we used self-reported weight and height at enrollment to calculate BMI, in which self-reported weight and height may not reflect the actual values. In the present study, however, the validity for self-reported height and weight was very good, as reported by a previous study, 30 although height was slightly over-reported. Although we were unable to validate the weight at age 20 years, a previous Japanese study showed that recalled weight at age 25 years was strongly correlated with measured weight: mean7s.d. ¼ 58.376.9 and 57.076.9, respectively, r ¼ 0.85. 31 The second limitation is that we had no data on weight variability, or distinguishment of voluntary and involuntary weight loss, which may affect the risk of coronary heart disease. 27, 28, 32, 33 Further, we had no data on body fat distribution, such as waist-to-hip ratio, which was considered to be more predictive for coronary heart disease than BMI. 25, 26 However, the Physician's Health Study showed that BMI was more strongly associated with the coronary heart disease than waist-to-hip rate. 34 Other limitations included the residual uncontrolled confounding for the association between BMI and risk of cardiovascular disease. Although we controlled some of the Table 2 .
BMI, weight change and coronary heart disease CL Chei et al lifestyle variables in our multivariate models, we cannot exclude the possibility that some residual confounding by other lifestyles and risk factors remains. We also used selfreported histories of hypertension and diabetes; however, the prevalence of undetected hypertension and diabetes may be small because of nationwide health screening in Japan. 35 In conclusion, high BMI (X30.0) was associated with increased risk of coronary heart disease and myocardial infarction among men but not women. Weight gain was associated with increased risk of coronary heart disease among men who were lean at 20 years of age. Our results suggest that weight control since 20 years of age may prevent coronary heart disease among lean men.
